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EXPR

e WHEN REAL NUMBER VALUE DISPLAYED ON SCREEN IS OUTPUTTED INTO
FILE AS PARAMETER FOR BACKUP, DATA IN INTERNAL FORMAT WHICH

=SSES FLOATING POINT DATA IS CONVERTED INTO NUMERIC STRING IN
DECIMAL FORMAT AND NUMERIC STRING IN HEXADECIMAL FORMAT, AND
CHARACTER STRING INCLUDING BOTH OF THEM IS OUTPUTTED

e WHEN NUMERIC STRING IN DECIMAL FORMAT CANNOT BE EXPRESSED

WITHIN NUMBER OF SIGNIFICANT DIGITS, IT IS DESCRIBED AS ONE WITH
EXPONENT PART

¢ PARAMETER FORMAT D[PARAMETER NUMBER] P[NUMERIC STRING IN
DECIMAL FORMAT] (INUMERIC STRING IN HEXADECIMAL FORMAT]

e AS TO NUMERIC STRING IN DECIMAL FORMAT IN THE CASE OF 32-BIT

FLOATING POINT DATA, SINCE NUMBER OF SIGNIFICANT DIGITS OF IT IS 7. 1T
IS ROUNDED AT EIGHTH DIGIT (ROUNDING-OFF)

e AS TO NUMERIC STRING IN DECIMAL. FORMAT IN THE CASE OF 64-BIT
FLOATING POINT DATA, SINCE NUMBER OF SIGNIFICANT DIGITS OF IT IS 15,
IT IS ROUNDED AT SIXTEENTH DIGIT (ROUNDING-OFF)
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FIG. o
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INTEGER OBTAINED BY

D0076 P1.01 (3F8147AE) ROUNDING IS INPUTTED
D0080 P1.0000 54) ]
D0084 P1T3F87FFFEF) DATA IS ADDED

D0O088 P7.7777178 (40
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FIG. ©
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FIG. 7

o NUMERIC STRING IN HEXADECIMAL FORMAT WHICH IS DESCRIBED ALONGSIDE IS
CONVERTED INTO INTERNAL FORMAT DATA

o [INTERNAL FORMAT DATA IS CONVERTED INTO NUMERIC STRING IN DECIMAL FORMAT
USING SAME ALGORITHM AS IN OCCASION OF QUTPUTTING

e (CONVERTED DECIMAL NUMBER IS READ IN WITH DESCRIBED DECIMAL NUMBER
COMPARED THERETO

e DETECTED IDENTICAL AT DOOO

(CONVERTED DECIMAL NUMBER 1234.567 =DESCRIBED DECIMAL NUMBER 1234.567)

NUMERIC STRING IN HEXADECIMAL FORMAT WHICH IS DESCRIBED ALONGSIDE
(449A5225) IS ADOPTED AS INPUT VALUE

e DIFFERENCE IS DETECTED AT D004 !

(CONVERTED DECIMAL NUMBER 0.333333#DESCRIBED DECIMAL NUMBER -0.3333333)
DESCRIBED DECIMAL NUMBER (-0.3333333) IS ADOPTED AS INPUT VALUE AND IS
CONVERTED INTO INTERNAL FORMAT DATA TO BE STORED IN MEMORY

¢« NO NUMERIC STRING IN HEXADECIMAL FORMAT AT D092

DECIMAL NUMBER (1234567) 1S CONVERTED INTO INTERNAL FORMAT DATA TO BE
STORED IN MEMORY
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FIG. 9

START OUTPUT OF
FLOATING POINT PARAMETERS
SAOT READ OUT FLOATING POINT DATA
FROM MEMORY

SAO2 ROUND FLOATING POINT DATA
TO PREDETERMINED NUMBER OF DIGITS

AND CONVERT IT INTO NUMERIC STRING
IN DECIMAL FORMAT

SAOR CONVERT FLOATING POINT DATA INTO
NUMERIC STRING IN HEXADECIMAL FORMAT

SAQ4 DESCRIBE CHARACTER STRING HAVING
NUMERIC STRING IN DECIMAL FORMAT AND
NUMERIC STRING IN HEXADECIMAL FORMAT
DESCRIBED ALONGSIDE IN PREDETERMINED
PARAMETER FORMAT TO GENERATE
CHARACTER STRING DATA

SAOS | WRITE CHARACTER STRING DATA GENERATED
BY THUS DESCRIBING IN PREDETERMINED
PARAMETER FORMAT IN PARAMETER FILE

SALG IS THERE
ANY NEXT FLOATING POINT DATA
Yes IN MEMORY?
No
SAO7 OUTPUT PARAMETER FILE

TO AT LEAST ONE OF EXTERNAL DEVICE
AND EXTERNAL STORAGE MEDIUM

END OUTPUT OF
FLOATING POINT PARAMETERS
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FIG. 10

- START INPUT OF
FLOATING POINT PARAMETERS

" INPUT PARAMETER FILE
FROM EXTERNAL DEVICE
OR EXTERNAL STORAGE MEDIUM

READ OUT ONE ROW AS CHARACTER STRING

OF PARAMETER IN REAL NUMBER FORMAT
FROM PARAMETER FILE

1S THERE
NUMERIC STRING
IN HEXADECIMAL FORMAT?

SBO03 No

SB04 Yes

CONVERT NUMERIC STRING IN HEXADECIMAL
FORMAT INTO FLOATING POINT DATA (CONVERTED
FLOATING POINT DATA OF HEXADECIMAL NUMBER)

SBO0S

ROUND CONVERTED FLOATING POINT DATA
OF HEXADECIMAL NUMBER TO PREDETERMINED

NUMBER OF DIGITS AND CONVERT IT
INTO NUMERIC STRING IN DECIMAL FORMAT

(CONVERTED NUMERIC STRING IN DECIMAL FORMAT)

SBO6
l COMPARE CONVERTED NUMERIC STRING |

IN DECIMAL FORMAT TO DESCRIBED
NUMERIC STRING IN DECIMAL FORMAT

SBO7 No

CONVERT DESCRIBED NUMERIC STRING
IN DECIMAL FORMAT INTO FLOATING

US 9,405,505 B2

SBO9

POINT DATA OF DECIMAL NUMBER
SBOS Yes I SB10

STORE CONVERTED FLOATING POINT
DATA OF HEXADECIMAL NUMBER AT
PREDETERMINED ADDRESS IN MEMORY

SB11 @
No

Yeas

END INPUT OF
FLOATING POINT PARAMETERS

STORE CONVERTED FLOATING POINT
PREDETERMINED ADDRESS IN MEMORY

DATA OF DECIMAL NUMBER AT

]
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CONTROL DEVICE FOR EXECUTING
CONTROL PROGRAM INCLUDING
FLOATING POINT OPERATION COMMAND
FOR CONTROLLING MACHINE AND
METHOD OF CONVERTING FLOATING

POINT PARAMETER IN CONTROL
PROGRAM

RELATED APPLICATION DATA

This application claims priority under 35 U.S.C. §119 and/
or §365 to Japanese Application No. 2013-211641 filed Oct.

9, 2013, the entire contents 1s incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control device that
executes a control program including a tloating point opera-
tion command for controlling a machine and a method of
converting a floating point parameter 1n the control program.

2. Description of the Related Art

Data of types handled 1n a control program of a control
device for controlling a machine such as a programmable
controller includes data 1n bit format, 1n byte format, 1n word
format and 1n similar format. The data of each type 1s stored
in an internal memory. Moreover, there 1s also a control
device, for controlling a machine, which handles the floating
point data defined by IEEE734 1n operation commands and
the like of the control program.

The control device for controlling a machine outputs vari-
ous data as parameter data 1n a predetermined format to an
external device such as a personal computer or an external
storage medium, for a backup. The control device for con-
trolling a machine can capture the parameter data that 1s
edited 1n the external device as needed. Moreover, as to data
and the like stored 1n a non-volatile memory corresponding to
the internal memory, there 1s sometimes a case where nitial
parameters are created on the external device 1n advance and
inputted to the control device for controlling a machine along
with the control program.

Japanese Patent Laid-Open No. 59-123009 discloses a
technology in which a real number value stored as floating
point data 1n a memory of a processing device 1s converted
into a decimal format or another format to be outputted to an
external device.

As disclosed 1n Japanese Patent Laid-Open No.
59-123009, 11 the floating point data stored in the memory of
the processing device 1s converted into a numeric string in
decimal format to be outputted at a time of outputting the
floating point data to an external storage medium for the
purpose ol backup or the like, the numeric string contains a
rounding error arising in the conversion.

Moreover, Japanese Patent Laid-Open No. 59-123009 dis-
closes a technology 1n which, when the numeric string 1n
decimal format 1s read into the processing device from the
external storage medium, the numeric string 1n decimal for-
mat 1s mversely converted into the floating point data. How-
ever, with this technique, the numeric string 1n decimal format
1s converted 1nto the tloating point data containing the error
arising 1n the conversion into the decimal number. The origi-
nal floating point data cannot be restored.

Furthermore, Japanese Patent Laid-Open No. 59-123009
also discloses a technology in which the tloating point data
stored 1in the memory of the processing device 1s compared
with the floating point data that 1s obtained by inversely
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2

converting the numeric string 1n decimal format outputted to
the external storage medium thereinto. Since such a compari-
son umt attempts comparison within a range including the
rounding error, the comparison unit 1s not usable as one as to
whether both pieces of the tloating point data are exactly the
same value.

As another output format, there 1s also known a method 1n
which the floating point data 1s converted into a numeric
string 1n hexadecimal format to be outputted to the external
device or the like. This method does not cause the possible
contamination of an error in the data on the occasion of data
input. Nevertheless, when the content of the numeric string 1n
hexadecimal format 1s confirmed on the part of the external
device, the content cannot be readily recognized because the
data 1s expressed as the numeric string in hexadecimal format.

As still another output format, there 1s further known a
method 1 which the floating point data 1s outputted to the
external device or the like as 1t 1s. In such a case, the outputted
floating point data 1s displayed and/or changed as a numeric
string 1n decimal format on the external device. For the pur-
pose, 1t 1s necessary for the external device to have a unit that
converts the floating point data into the numeric string 1n
decimal format and/or a unit that inversely converts the
numeric string 1n decimal format into the floating point data.

Such conversion units, however, require that the conver-
s1on algorithm implemented 1n the control device be exactly
identical to that implemented 1n the external device. Other-
wise, the conversion operation in the control device possibly
differ from that 1n the external device. It 1s difficult for the
control device to completely match the external device 1n a
CPU including a co-processor and an OS environment.
Hence, 1t 1s exceedingly difficult to provide such a conversion
unit for which the conversion algorithm implemented 1n the

control device should be exactly i1dentical to that imple-
mented 1n the external device.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide a
control device that controls a machine and a method of con-
verting a floating point parameter in a control program, for
outputting floating point data to at least one of an external
device and an external storage medium as numeric strings in
two diflerent formats such that the operator can readily per-
form confirmation or editing operation performed on the
external device.

More specifically, the present invention has been made to
solve the above-mentioned problem and the object of the
present invention 1s to provide a control device that controls a
machine and a method of converting a tloating point param-
eter 1in the control program, for outputting the tloating point
data to at least one of the external device and the external
storage medium as a parameter by converting the floating,
point parameter into a numeric string in first format which can
be readily visually recognized by the operator.

Furthermore, another object of the present invention 1s to
provide a control device including a unit that can perform
exact restoration of the original floating point data, 1n input-
ting.

Furthermore, still another object of the present invention 1s
to provide a control device, for controlling the machine, for
automatically recognizing a change, converting the numeric
string 1n first format into the tloating point data, and storing
the floating point data 1n the memory of the control device for
controlling a machine when the numeric string in first format
which 1s changed on the external device 1s mputted.
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There 1s provided a control device according to the present
invention configured to execute a control program including a
floating point operation command for controlling a machine,
the device including: a control program storage memory con-
figured to store the control program; a floating point data
holding memory configured to hold floating point data to be
used 1n the tloating point operation command and floating,
point data generated by an operation of the floating point
operation command; a first conversion unit configured to
convert the floating point data mto a numeric string 1n {irst
format; a second conversion unit configured to convert the
floating point data into a numeric string in second format
which 1s different from the first format; a character string data
generation unit configured to generate character string data
including the numeric string in the first format and the
numeric string in the second format; and an output unit con-
figured to output the generated character string data to at least
one of an external device and an external storage medium.

The control device may include: an input unit to which the
character string data including the numeric string 1n the first
format and the numeric string 1n the second format from at
least one of the external device and the external storage
medium 1s configured to be mput; a third conversion unit
configured to convert the numeric string in the first format
inputted via the mput unit into floating point data; and a first
storing unit configured to store the floating point data
obtained from conversion by the third conversion unit in the
tfloating point data holding memory.

The control device may further include: a fourth conver-
sion unit configured to convert the numeric string 1n the
second format mnputted via the mnput unit into floating point
data; a fifth conversion unit configured to convert the tloating
point data obtained from conversion by the fourth conversion
unit into a numeric string 1n the first format; a comparison unit
configured to compare the numeric string 1n the first format
obtained from conversion by the fifth conversion unit with the
numeric string in the first format included 1n the character
string data inputted via the mput unit; a second storing unit
configured to store the floating point data obtained from con-
version by the fourth conversion unit in the floating point data
holding memory 1n a case where the numeric strings are
identical as a result of comparison by the comparison unit;
and a third storing unit configured to store the floating point
data obtained from conversion by the third conversion unit in
the tloating point data holding memory in a case where the
numeric strings are different as the result of the comparison
by the comparison unit.

The conversion of the floating point data into the numeric
string 1n the first format may include a rounding operation to
a predetermined number of digits. The rounding operation
may be a rounding operation of rounding-oil to a predeter-
mined number of digits.

The numeric string 1n the second format may be a numeric
string obtained by converting the floating point data into any
of a binary number, an octal number and a hexadecimal
number.

The output unit may output a parameter file generated so as
to include the generated character string data.

The input unit may be a unit to which the parameter file
which 1s outputted from the output umit and generated so as to
include the generated character string data 1s input.

According to the present invention, the control device for
controling a machine can be provided for which the tloating
point data 1s outputted to at least one of the external device
and the external storage medium as the numeric strings in two
different formats such that the operator can readily perform
confirmation or editing operation performed on the external
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4

device. Notably, the mput and output of the control device
may be performed 1n a format of sequential output of the
character string data or in a format of a file which 1s generated
so as to 1nclude the character string data.

According to the present invention, a method of converting
a tloating point parameter 1n a control program including a
floating point operation command for controlling a machine,
the method 1ncluding: holding floating point data generated
by an operation of the tloating point operation command from
floating point data held in a floating point data holding
memory; converting the floating point data into a numeric
string 1n first format; converting the floating point data into a
numeric string 1n second format which 1s different from the
first format; generating character string data including the
numeric string in the first format and the numeric string in the
second format; and outputting the generated character string
data to at least one of an external device and an external
storage medium.

Furthermore, the method may include the steps of: mput-
ting the character string data including the numeric string in
the first format and the numeric string in the second format
from at least one of the external device and the external
storage medium; converting the numeric string in the first
format 1nputted 1n the 1nput step into floating point data; and
storing the floating point data 1n the floating point data hold-
Ing memory.

Furthermore, the method may include: a fourth conversion
step of converting the numeric string 1 the second format
inputted 1 the input step into floating point data; a fifth
conversion step of converting the floating point data obtained
from conversion in the fourth conversion step into a numeric
string 1n the first format; a comparison step of comparing the
numeric string in the first format obtained from conversion in
the fifth conversion step with the numeric string 1n the first
format 1ncluded in the character string data inputted in the
input step; and a comparison result storing step of storing the
floating point data obtained in the fourth conversion step 1n
the floating point data holding memory 1n a case where the
numeric strings are 1dentical as a result of comparison by the
comparison step, and storing the tfloating point data obtained
in the third conversion step 1n the floating point data holding
memory 1n a case where the numeric strings are difierent as
the result of the comparison by the comparison step.

The present invention can provide a control device which
has the configuration above, thereby, outputs floating point
data to at least one of an external device and an external
storage medium as a parameter, and in this case, converts it
into a numeric string in first format which 1s readily visually
recognized by the operator to output it.

Furthermore, the control device can be provided including
a unit that can perform exact restoration to the original float-
ing point data, 1n mputting.

Furthermore, the control device for controlling a machine
can be provided for which to have been changed 1s automati-
cally recognized and the numeric string in first format 1s
converted into the floating point data to be stored in the
memory of the control device for controlling the machine
when the numeric string in first format which 1s changed on
the external device 1s inputted.

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects and advantages, as well as the above-men-
tioned ones, of the present mvention will be apparent more
from the following detailed description of the embodiments
with reference to the accompanying drawings which are:
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FIG. 11s aschematic block diagram of a control device that
controls a machine;

FI1G. 2 1s an exemplary screen displayed on a display screen
of a display umit connected to the control device;

FIG. 3 1s an exemplary file outputted from the control
device:

FIG. 4 1s a diagram for explaining a format of a file out-
putted to an external device or an external storage medium
from the control device;

FIG. 5 1s an exemplary file after editing displayed on a
display screen of a display device of the external device;

FIG. 6 1s an exemplary file inputted to the control device
from the external device;

FI1G. 7 1s a diagram for explaining processes when the file
which the control device reads 1n from the outside is stored in
a memory of the control device;

FIG. 8 1s an exemplary screen of the display unit after the
file after editing 1s read 1in;

FI1G. 9 1s a diagram for explaining a tlow of processes of file
output ifrom the control device to the external device or the
external storage medium; and

FIG. 10 1s a diagram for explaining a flow of processes of
file mput from the external device or the external storage
medium to the control device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a schematic block diagram of a control device that
controls a machine. A CPU 10 1s a primary processor for
whole control 1n the control device 1. Upon application of
power supply to the control device 1, the CPU 10 reads out a
system program stored 1n a rewritable flash ROM 12 and a
control program for controlling a machine via a bus 11 and
copies them from the flash ROM 12 to a RAM 13. According
to the system program, the whole control in the control device
1 1s performed. Programs for processes illustrated in FIG. 9
and FIG. 10 are also stored 1n the flash ROM 12 as a part of the
system program. The control program including floating
point operation commands 1s executed for controlling the
machine. The RAM 13 stores temporary calculation data,
temporary display data and similar data used for the floating
point operation command. A non-volatile memory 14 stores
correction amounts for tools, parameters and the like. Float-
ing point data mentioned later 1s also stored in the non-
volatile memory 14.

An external storage medium interface 15 1s an interface for
transmitting and receiving data to/from an external storage
medium 20. Specific examples of the external storage
medium nterface 15 include a USB flash memory interface
and a memory card interface. The external storage medium 20
1s a storage device that stores data outputted from the control
device 1. Specific examples thereol include a USB flash
memory and a memory card.

An external interface 16 1s an interface for transmitting and
receiving data to/from an external device 21. Specific
examples of the external interface 16 include the Ethernet
(trademark registered) interface and the RS232-C interface.
Specific examples of the external device 21 include a personal
computer.

A display controller 17 converts digital data such as current
positions of axes of the machine, which 1s not shown 1n the
figure, alarming, parameters, image data and the like into
image signals to output them to a display unit 22 constituted
of a liquid crystal display device or the like. The image signals
are displayed on a display screen of the display unit 22. An
MDI controller 18 receives data inputted from an MDI unit 23
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to hand it over to the CPU 10. An external signal interface 19
1s an interface for I/O signal communication with an 1/0
device 24. The CPU 10 receives mput signals such as signals
from operation switches on an operation panel of the not-
shown machine via the I/O device 24 and the external signal
interface 19. Inreverse, output signals from the control device
1 are outputted to the not-shown machine via the external
signal interface 19 and the 1/O device 24.

Notably, 1n FIG. 1, axis control circuits that control servo
motors, servo amplifiers, a spindle control circuit, a spindle
amplifier, an interface for a manual pulse generator, and the
like are omitted from the figure.

FIG. 2 1s an exemplary screen displayed on the display
screen of the display unit 22 of the control device 1. The
tfloating point data which 1s handled by the control device 1 1s
stored 1n a memory such, for example, as the non-volatile
memory 14. When the floating point data 1s displayed on the
display screen of the display unit 22 of the control device 1,
the tloating point data 1s converted mto a numeric string in
decimal format and rounded to a predetermined number of
digits as illustrated 1n FIG. 2 to be displayed.

On the screen illustrated 1n FIG. 2, a list of PMC param-
cters (data) displayed in maintenance operation of a PMC
(programmable controller) i1s displayed. Pieces of the PMC
parameter data are displayed at addresses corresponding to
number 0 to number 22, that 1s, at address D0O00O to address
DO088. In the example displayed on the screen, each piece of
the data 1s displayed as a figure 1n decimal format which 1s
obtained by rounding 32-bit floating point data as a single
precision real number to a predetermined number of digits.
When a numeric string 1n decimal format cannot be expressed
within the number of digits of its sigmificant figure, it 1s
expressed with an exponent part. As to a numeric string 1n
decimal format in the case of 32-bit floating point data, the
number of significant digits of 1t 1s 7. Hence, 1t 1s rounded off
at the eighth digit. Notably, as to a numeric string in decimal
format 1n the case of 64-bit tloating point data, the number of
significant digits of 1t 1s 15. Hence, it 1s rounded off at the
sixteenth digit.

When the floating point data 1s outputted to at least one of
the external device 21 and the external storage medium 20 as
a part or all of parameters for backup, as illustrated 1n FIG. 3,
the control device 1 converts the floating point data into
numeric strings in decimal format which are rounded to a
predetermined number of digits, and furthermore, converts 1t
into numeric strings 1n hexadecimal format which hold the
entire information of the floating point data. Next, character
string data that includes both of them 1s generated and the
character string data 1s outputted to at least one of the external
device 21 and the external storage medium 20. In FIG. 3,1t 1s
outputted from the control device 1 to the external device 21
and/or the external storage medium 20 in a file format.

Notably, the “numeric string in decimal format™ corre-
sponds to the numeric string i a first format, and the
“numeric string 1n hexadecimal format™ corresponds to the
numeric string 1n a second format, set forth in the appended
claims. FI1G. 4 1s a diagram for explaining a format of the file
outputted from the control device 1 to the external device or
the external storage medium. The numeric string in the sec-
ond format may be a numeric string obtained by converting
the tloating point data 1nto a binary number or an octal num-
ber.

When the operator confirms or edits the numeric strings 1n
decimal format received as a part or all of the parameters for
backup on the external device 21 such as a personal computer,
he/she opens the parameter file (refer to FI1G. 3) stored in the
memory of the external device 21 with a general-purpose text
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editor to confirm or edit 1t. When the parameter (data) has a
portion to be changed, the operator makes a change only at a
part of the numeric string 1n decimal format.

FIG. 5 1s an exemplary file after editing displayed on the
display screen of the display device of the external device 21.

By the operator, as to the exemplary file 1llustrated 1n FIG.
3, “-” 1s given to the data at address D0004, the exponent of
the data at address D0024 1s changed, a digit 1s added to the
decimal places of the data at address D0048 (for example, “3”
1s added to the lowest decimal place), the data at address
D0084 1s rounded up to the integer to be mputted, and data 1s
added at address D0092. FIG. 5 illustrates the editing as
above having been performed.

FIG. 6 1s an exemplary file having the file edited on the
external device 21 (refer to FIG. 5) read 1n. In this case, FIG.
6 represents the same contents of those 1n FIG. 5. When the
control device 1 stores the parameters for backup 1n the
memory such as the non-volatile memory 14 out of the file
read in the control device 1 from the external device 21 or the
external storage medium 20, 1n the case where floating point
data 1s detected 1n the character string data of the read-in file,
the numeric string 1n hexadecimal format that 1s described
along with 1t 1s once converted into floating point data, and
turthermore, 1s converted into a numeric string 1 decimal
format by the same conversion unit as that used in outputting.

Next, 1t 1s compared to a numeric string 1n decimal format
that 1s described 1n the character string of the read-1n file.

As a result of the comparison, when these two numeric
strings are 1dentical, the data 1s regarded as having no change.
The numeric string in hexadecimal format 1s accepted as an
input value and the floating point data thereof 1s stored 1n the
memory such, for example, as the non-volatile memory 14.
When the two numeric strings are different from each other,
the data 1s regarded as having been updated. The described
numeric string 1 decimal format 1s accepted as the input
value and 1s converted 1nto floating point data to be stored in
the memory.

In the above-mentioned scheme of comparison, numeric
strings obtained by rounding the numeric strings 1n decimal
format within a predetermined number of digits are compared
to each other. The conversion unit into the numeric string in
decimal format employs the same algorithm both 1n output-
ting and 1n 1nputting. Hence, the floating point data 1s con-
verted 1nto the same numeric string 1n decimal format. As to
the parameter in which only the numeric string 1n decimal
format 1s described, the numeric string thereotf 1s adopted to
be the mput value as it 1s, and converted into tloating point
data to be stored in the memory. FIG. 7 1s a diagram for
explaining processes in the occasion that the file which the
control device reads in from the outside 1s stored in the
memory of the control device. As 1llustrated 1n FIG. 8, each
piece of data at the address at which the data 1s changed or
added, 1s displayed on the display screen of the display unit 22
of the control device 1 with highlighting or color displaying
such that the operator can readily recognize 1t.

A series of the above-mentioned processes performed by
the control device 1 are described using tlowcharts 1llustrated
FIG. 9 and FIG. 10.

FI1G. 9 1s a diagram for explaining a tlow ol processes of file
output from the control device to the external device or the
external storage medium. Hereafter, the description 1s made
in accordance with the individual steps.

[Step SA01] The floating point data 1s read out of the
memory.

[Step SA02] The floating point data 1s rounded to the
predetermined number of digits and converted into the
numeric string in decimal format.
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[Step SA03] The floating point data 1s converted 1nto the
numeric string in hexadecimal format.

| Step SA04] The character string having the numeric string
in decimal format and the numeric string in hexadecimal
format described alongside 1s described 1n a predetermined
parameter format to generate the character string data.

[Step SA05] The character string data thus described and
generated in the predetermined parameter format 1s written 1n
the parameter file.

[Step SA06] Whether or not any next tloating point data 1s
in the memory 1s determined. In the case of aflirmative (YES),
the process 1s returned to step SA01, and in the case of
negative (NQO), the process 1s put forward to step SA07.

[Step SA07] The parameter file 1s outputted to at least one
of the external device and the external storage medium and
the process 1s ended.

FIG. 10 1s a diagram for explaining a flow of processes of
file mput from the external device or the external storage
medium to the control device. Hereafter, the description 1s
made 1n accordance with the individual steps.

[Step SB01] The parameter file 1s inputted from the exter-
nal device or the external storage medium.

[ Step SB02] One row 1s read out as a character string of the
parameter 1n real number format from the parameter file.

[Step SB03] Whether or not the read-out one row as a
character string of the parameter 1n real number format has a
numeric string 1n hexadecimal format 1s determined. In the
case of aflirmative (YES), the process 1s put forward to step
SB04, and in the case of negative (NO), the process 1s put
forward to step SB09.

[Step SB04] The numeric string 1n hexadecimal format 1s
converted 1nto the floating point data. The obtained data 1s

called converted floating point data of the hexadecimal num-
ber.

[ Step SB05] The converted floating point data of the hexa-
decimal number 1s rounded to the predetermined number of
digits and converted into the numeric string 1n decimal for-
mat. The numeric string 1n decimal format obtained by the
conversion 1s called a converted numeric string 1n decimal
format.

| Step SB06] The converted numeric string in decimal for-
mat 1s compared to the described numeric string 1n decimal
format. The described numeric string 1n decimal format 1s the
numeric string 1n decimal format included in the one row,
which 1s read out in step SB02, as a character string of the
parameter 1n real number format.

[Step SB07] Whether or not the converted numeric string in
decimal format and the described numeric string 1n decimal
format are 1dentical 1s determined. In the case where they are
identical (YES), the process 1s put forward to step SB08, and
in the case where they are not 1identical (NO), the process 1s
put forward to step SB09.

| Step SB08] The converted floating point data of the hexa-
decimal number obtained 1n step SB04 1s stored at a prede-
termined address 1n the memory. The process 1s put forward to
step SB11.

[Step SB09] The numeric string i decimal format
included 1n the one row, which 1s read out 1n step SB02, as a
character string of the parameter 1n real number format (de-
scribed numeric string 1n decimal format) 1s converted nto
the floating point data. The data obtained by the conversion 1s
called converted tloating point data of the decimal number.

[Step SB10] The converted floating point data of the deci-
mal number obtained by the conversion 1n step SB09 1s stored
at a predetermined address 1n the memory. The process 1s put
forward to step SB11.
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[Step SB11] To be at the last row of the parameter file or not
1s confirmed. In the case of being at the last row (YES), the
process 1s ended, and 1n the case of not being at the last row
(NO), the process 1s returned to step SB02 and the process 1s
ended.

According to the embodiment of the present invention, the
floating point data 1s outputted to have the numeric string 1n
decimal format and the numeric string in hexadecimal format
described alongside. Hence, the value 1n decimal format can
be readily confirmed by the operator using a general-purpose
text editor on the external device. Moreover, 1t can be com-
patible even when the data 1s mixedly outputted with conven-
tional bit, byte or word-formatted data.

When the floating point data 1s changed or the floating
point data 1s newly added by the operator, the numeric string
in decimal format, which 1s readily recognized, can be input-
ted. Moreover, the numeric string in hexadecimal format 1s
also described alongside. Hence, the floating point data can
be restored 1n the occasion of inputting unchanged data with-
out a concern of error.

When the data update 1s determined, the numeric string in
decimal format 1s also generated from the numeric string 1n
hexadecimal format described alongside, and both numeric
strings 1n decimal format are compared to each other. In this
stage, the conversion unit from the tloating point data to the
numeric string in decimal format 1s the conversion unit with
the same algorlthm both 1n the occasion of outputting and in
the occasion of comparing to be used. Hence, no consider-
ation to a conversion error 1s necessary at all.

What 1s claimed 1s:

1. A control device configured to execute a control program
including a floating point operation command for controlling
a machine, the device comprising:

a control program storage memory configured to store the

control program;

a tloating point data holding memory configured to hold
floating point data to be used in the floating point opera-
tion command and floating point data generated by an
operation of the floating point operation command;

a first conversion unit configured to convert the floating
point data 1nto a numeric string in first format which can
be readily recognized by an operator;

a second conversion unit configured to convert the floating,
point data 1into a numeric string in second format which
1s different from the first format, the numeric string 1n
second format not including rounding error to the float-
ing point data;

a character string data generation unit configured to gen-
erate character string data including the numeric string
in the first format and the numeric string in the second
format; and

an output unit configured to output the generated character
string data to at least one of an external device and an
external storage medium.

2. The control device according to claim 1, comprising:

an mput unit to which the character string data including,
the numeric string in the first format and the numeric
string 1n the second format from at least one of the
external device and the external storage medium 1s con-
figured to be input;

a third conversion unit configured to convert the numeric
string 1n the first format inputted via the input unit into
floating point data; and

a first storing unit configured to store the floating point data
obtained from conversion by the third conversion unit in
the floating point data holding memory.
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3. The control device according to claim 2, further com-

prising:

a Tourth conversion umt configured to convert the numeric
string 1in the second format mputted via the mput unit
into floating point data;

a 1ifth conversion unit configured to convert the floating
point data obtained from conversion by the fourth con-
version unit into a numeric string in the first format;

a comparison unit configured to compare the numeric
string 1n the first format obtained from conversion by the
fifth conversion unit with the numeric string 1n the first
format included in the character string data inputted via
the input unat;

a second storing unit configured to store the tloating point
data obtained from conversion by the fourth conversion
unit 1n the tloating point data holding memory 1n a case
where the numeric strings are identical as a result of
comparison by the comparison unit; and

a third storing unit configured to store the floating point
data obtained from conversion by the third conversion
unit 1n the floating point data holding memory 1n a case
where the numeric strings are different as the result of
the comparison by the comparison unit.

4. The control device according to claim 2, wherein

the mput unit 1s the unit, to which the parameter file which
1s outputted from the output unit and generated so as to
include the generated character string data, 1s configured
to be mput.

5. The control device according to claim 1, wherein

the conversion of the floating point data into the numeric
string 1n the first format includes a rounding operation to
a predetermined number of digits.

6. The control device according to claim 5, wherein

the rounding operation 1s a rounding operation of round-
ing-oil to a predetermined number of digits.

7. The control device according to claim 1, wherein

the numeric string in the second format 1s a numeric string
obtained by converting the floating point data into any of
a binary number, an octal number and a hexadecimal
number.

8. The control device according to claim 1, wherein

the output unit 1s configured to output a parameter file
generated so as to include the generated character string
data.

9. A method of converting a floating point parameter 1n a
control program including a floating point operation com-
mand for controlling a machine, the method comprising:

a floating point data holding step of holding floating point
data generated by an operation of the floating point
operation command from floating point data held in a
floating point data holding memory;

a first conversion step of converting the floating point data
into a numeric string 1n first format which can be readily
recognized by an operator;

a second conversion step of converting the floating point
data 1into a numeric string 1n second format which 1s
different from the first format, the numeric string in
second format not including rounding error to the float-
ing point data;

a character string data generation step of generating char-
acter string data including the numeric string in the first
format and the numeric string 1n the second format; and

an output step of outputting the generated character string,
data to at least one of an external device and an external
storage medium.
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10. The method of converting a floating point parameter 1n
a control program including a floating point operation com-
mand for controlling a machine according to claim 9, the
method further comprising:
an 1put step of inputting the character string data includ-
ing the numeric string in the first format and the numeric
string 1n the second format from at least one of the
external device and the external storage medium:;
a third conversion step of converting the numeric string in
the first format mputted 1n the input step into tloating

point data; and
a tloating point data storing step of storing the floating

point data 1n the floating point data holding memory.
11. The method of converting a floating point parameter 1n
a control program including a floating point operation com-
mand for controlling a machine according to claim 10, the
method further comprising:
a fourth conversion step of converting the numeric string in
the second format inputted 1n the input step 1nto floating
point data;
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a fifth conversion step of converting the floating point data
obtained from conversion in the fourth conversion step
into a numeric string 1n the first format;

a comparison step of comparing the numeric string 1n the
first format obtained from conversion in the fifth conver-
sion step with the numeric string in the first format
included in the character string data inputted 1n the input
step; and

a comparison result storing step of storing the floating
point data obtained 1n the fourth conversion step in the
floating point data holding memory 1n a case where the
numeric strings are identical as a result of comparison in
the comparison step, and storing the floating point data
obtained in the third conversion step in the floating point
data holding memory 1n a case where the numeric strings
are different as the result of comparison in the compari-
son step.
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